Introduction
A robust and non-intrusive focus control system for laser welding has been developed under a collaboration between GSI Lumonics (Rugby) and Heriot-Watt University in Edinburgh, as part of the Laser Engineering for Manufacturing Applications (LEMA) programme, funded by EPSRC. It uses the light generated by the process, together with the chromatic aberrations of the focusing optics to determine the focal position of the laser relative to the workpiece. Successful closed loop operation has been demonstrated over a wide range of welding conditions, including different materials and laser powers.
Laser welding has firmly established itself as an industrial manufacturing tool in recent years, with the potential to become even more widespread. However, it is a process which requires tight tolerances, giving problems especially when welding large, 3D structures, where the focusing head must be traversed across the workpiece. In particular, the laser focal position relative to the workpiece is critical, and must be maintained to an accuracy of~+ 1mm.
Unfortunately, workpiece dimensions (and robot manipulators) are not always sufficiently well-defined, and this problem is exacerbated by the thermal distortions which arise during welding. A non-intrusive optical measurement system was therefore developed to determine any error in the position of the laser focus relative to the workpiece. This is used in a closed-loop control system to maintain optimum focus throughout the process. In contrast to conventional focus control systems based on capacitance measurement, this system works for CW welding in addition to the pulsed process, being immune to electromagnetic interference from the process. It can also deal with complex 3D structures which can cause problems with capacitance measurement. Furthermore, since it is the laser delivery optics which are used to measure focal error, no recalibration is required when these optics are changed.
The focus control system (Figure 1 ), which works equally well with Nd:YAG and CO 2 laser welding, monitors the laser focal position by detecting broadband light generated by the process with an optical sensor incorporated into the laser delivery system, making it completely non-intrusive to the process. In the sensor, the process light returning through the delivery system is focused through an aperture and split between two detectors, each of which measures a different part of the wavelength spectrum. Simple electronic processing of the detector outputs gives an error signal proportional to focal error ± the chromatic aberrations of the laser focusing optics mean that the different wavelength bands each have an optimum coupling efficiency through the aperture at different workpiece focal positions. This error signal is conditioned and fed-back to an actuator controlling workpiece-to-focusing optics distance, thus maintaining the optimum focus position.
The control system has been shown to be very robust, operating successfully over a broad range of operating conditions without any of the control-loop parameters requiring adjustment. It can maintain focus to within + 0.1mm with an error angle of up to 58 when welding at 4m/min (see Figure 2 and Plate 1). This is significantly greater than any error likely to be encountered in a realistic manufacturing environment. It may be used with both pulsed and CW laser welding, and on a wide range of materials including mild steel, stainless steel, titanium alloy, and aluminium alloy, in addition to coping with a Figure 2 Example bead-on-plate welds produced with and without focus control system. A focal error of 6mm was deliberately introduced in the centre of the plate Figure 1 Focus control system for Nd :YAG laser welding range of different material thicknesses, tilt angles, weld speeds, and variations in shield gas supply.
In addition to laser welding, this focus control system may also be applied to other laser manufacturing processes such as``laser direct casting'', a technique where components are built-up from metal powders which flow in through a laser beam.
In this case the system provides a measurement of the height profile of the component as it is being built, as demonstrated by Heriot-Watt University and other LEMA collaborators at Liverpool University.
Plate 1 Detector box with optical fibre input. The integrated electronic processing provides a voltage signal output which varies linearly with focal error
